INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive upper airway occlusions during sleep that affects 1-4% of adult men and 1-2% of adult women (1, 2) . The most common night symptom is snoring and daytime symptom is somnolence (3) . OSAS causes serious morbidity and mortality as a result of its cardiovascular complications (4, 5, 6, 7) . The main cause of morbidity and mortality is secondary to recurrent hypoxia pathologies. Arterial hypertension, atherosclerosis, cardiac arrhythmia, coronary artery disease, ischemic stroke, peripheral axonal neuropathy, and diabetes mellitus are known to be associated with OSAS (8, 9, 10, 11, 12) .
There is no classical evidence about repetitive hypoxia in chronic obstructive sleep apnea affecting the peripheral nervous system (13) . The results of recent studies showed that the repetitive hypoxia in OSAS is a reason of polyneuropathy (10, 11, 12) . Repetitive hypoxia induces the dysfunction of the autonomic nervous system by activating the sympathetic system through chemoreceptor reflexes (14) . Autonomic dysfunction can be evaluated with noninvasive methods such as called sympathetic skin response (SSR) and RR interval variability (RRIV). In the literature, there are few studies assessing autonomic dysfunction in OSAS patients using these methods. Zakrzewska et al. (15) found that SSR latencies prolonged in OSAS patients compared with the control group and no significant difference was detected in RRIV latencies. Pierzchała et al. (16) showed a decrease in the amplitude of SSR in OSAS patients compared with the control group.
The aim of this study was to investigate the presence of autonomic dysfunction and peripheral neuropathy in OSAS patients and to clarify the relationship between the stage of the disease and these conditions.
METHODS
The study was started after confirmation from Dokuz Eylul University Faculty of Medicine Sleep Center. Seventy-two patients were prospectively included in the study after obtaining each patient's informed consent, according to American Academy of Sleep Medicine (17) criteria for the diagnosis of OSAS. All cases had no continuous positive airway pressure therapy. Thirty-two patients were out of the study because of collagen tissue disease, cardiac arrhythmia, amyloidosis, chronic renal failure, malignancy, diabetes mellitus, and a disease or drug that could affect the autonomic nervous system (15) . Forty OSAS patients were divided into two groups according to the values of the apnea-hypopnea index (AHI). The first group was severe OSAS (AHI≥30) and the second group was mild OSAS (5≤AHI<30). Also 20 healthy subjects were included as a control group whose Epworth sleepiness scores (18) were "0. " Patients were interrogated prior to the tests to determine whether which factors can affect the autonomic system, such as anticholinergic medication, caffeine, tobacco, and vasodilator drugs. Patients were tested using the classical electrophysiological polyneuropathy protocol, SSR, and RRIV, and the results were compared between the three groups (19, 20) .
Polysomnography
Recording of patients was initiated from 22:00 to 24:00 and was terminated the next day at 07:00. Embla A10 (Embla, Colorado, USA) polysomnographic device was used and scored manually according to the criteria of Rechtschaffen and Kales (21) . It was recorded during the night, mean and minimal arterial oxygen saturation was measured by finger oximetry, AHI, arterial oxygen saturation range below 90%.
ENMG

Polyneuropathy Protocol
It was used to measure amplitude and conduction velocities using the Medtronic/Keypoint brand device. In this method, antidromic submaximal stimulus is given to the left ulnar sensory and motor nerves, the left peroneal motor nerve, the right motor posterior tibial nerve, and the sural sensory nerve (19) .
Sympathetic Skin Response
The Medtronic/Keypoint brand ENMG device autonomic nervous system test program was used for SSR. Test was performed in a quiet and dimly-lit room to avoid external stimulus. The skin temperature was kept around near 32°C and silver chloride disc electrodes were used. The active electrodes were placed on the palm of the hand and on the medial portion of the foot. The reference electrodes were placed on the back of the hand and on the dorsal surface of the foot. Ground electrodes were attached to the wrist and ankle. A recorder system calibrated the lower frequency limit 0.1-2.0 Hz and the upper frequency limit from 100 to 2000 Hz. Rectangular single electric shocks were given at a 0.2-0.5-ms duration and 0-30 mA to each extremity bilaterally. It was necessary to wait at least 60 s to prevent habituation. Latency and amplitude were examined by the evaluation of the first positive or negative deflection. The "peak to peak" distance was used to calculate the amplitude (20) .
RR Interval Variability
The Medtronic/Keypoint brand ENMG device autonomic nervous system test program was used for the RRIV. ECG electrodes were placed at two precardiac foci (V 1 − V 4 ). RRIV was evaluated at rest, while deep breathing, from a sitting position to standing up, and at Valsalva maneuver (20) .
Statistical Analysis
Data were evaluated by Statistical Package for the Social Sciences (SPSS) 15.0. For the comparison between the three groups' parameters, the Kruskal-Wallis variance analysis was used. For the verification of the parameters that detected significant differences, Bonferroni correction test was used and a p-value of <0.05 was considered statistically significant.
RESULTS
The control group contained one female and 19 male participants; the mean age was 51 years (range 33-73 years) and mean body mass index (BMI) was 29. 6 In the study, left ulnar sensory and motor, left peroneal motor, right posterior tibial motor, and right sural sensory nerves were examined. Only the right posterior tibial motor nerve conduction velocity decreased, and it was statistically significant in the OSAS group compared with the control group. The mean posterior tibial motor nerve conduction velocity in the control group was 48.7 m/s (range 43.5-57.8 m/s), in the mild OSAS group was 45.6 m/s (range 38.5-60.3 m/s), and in the severe OSAS group was 45.7 m/s (range 40.3-61.6 m/s). The right posterior tibial motor nerve conduction velocities of the mild and severe OSAS groups were significantly decreased (p=0.03) compared with the healthy control group, whereas there was no statistically significant difference between the mild and severe OSAS groups (p=0.42) ( Table 2 ). There was no correlation between the tibialis posterior nerve conduction velocity and minimal oxygen saturation (p=0.30).
There was no statistically significant difference between the groups in the mean SSR latency (p>0.05). There was a statistically significant difference between the control group and the severe OSAS group in the SSR amplitude values at upper (p=0.043) and lower extremities (p=0.024). There was no statistically significant difference between the mild OSAS group and the other two groups (p>0.05) (Tables 3,4) .
When RR interval variabilities were examined, there was no statistically significant difference between the groups (p>0.05) ( Table 5) . 
DISCUSSION
OSAS is a clinical situation characterized by recurrent upper airway obstruction during sleep (1,2). It was shown that hypoxia associated with arterial microcirculation causes capillary endothelial cell hyperplasia, increasing the degree of hypoxia. Repetitive hypoxia may cause autonomic dysfunction through chemoreceptor reflex by the activation of the sympathetic system (22, 23, 24) . There are few studies in the literature that showed the relationship between OSAS and autonomic dysfunction (15, 16) . There is no study that compares polyneuropathy and autonomic dysfunction according to the severity of OSAS. The aim of this study was to investigate the relationship of the severity of OSAS with neuropathy and autonomic dysfunction.
In this study, 20 healthy patients, 20 mild OSAS (5≤ AHI <30), and 20 severe OSAS (AHI≥30) patients' nerves were examined by ENMG. These nerves were the left ulnar sensory and motor, the left peroneal motor, the right tibialis posterior motor, and the right sural sensory nerves. In the OSAS group, the right posterior tibial motor nerve conduction velocity decreased, and it was statistically significant. There was no statistically significant difference between the mild and severe OSAS groups (p=0.42) ( In previous studies, the posterior tibial motor nerves in OSAS patients have not been studied. In this study only, the tibialis posterior motor nerves affected. The previous OSAS and neuropathy study methods and results were heterogenous; thus, to compare our work and the other methods is very difficult. This study supports previous studies in case of the cause of OSAS in the formation of peripheral neuropathy. There is no correlation between the severity of OSAS, minimal oxygen saturation (MOS), and neuropathy. The number of cases similar to the methodology of the studies to discuss the association between OSAS and neuropathy is warranted to work.
In this study, 20 healthy patients, 20 mild OSAS (5≤ AHI <30) patients, and 20 severe OSAS (AHI≥30) patients were evaluated with SSR and RRIV. The SSR latency and RRIV among the groups showed no statistically significant difference. SSR amplitudes in the severe OSAS group were significantly increased compared with the control group; however, those between the control group with mild OSAS and mild OSAS with severe OSAS did not significantly differ (p>0.05) ( Tables 3,4) . Zakrzewska et al. (15) compared autonomic symptoms between 34 OSAS patients (AHI>5) and 32 healthy patients and found that when the 26 SSR latency extended in the OSAS group compared with the control group, RRIV was not significantly different between the two groups. Pierzchała et al. (16) compared SSRs in 26 untreated severe OSAS patients and 27 control patients and found that no SSR was observed 10 OSAS patients and SSR amplitudes were decreased in 16 OSAS patients compared with the control group; however, their findings of upper extremities were significant (p<0.001), the lower limbs were insignificant. In our study, no significant difference was observed between SSR latencies and in severe OSAS patients, the amplitude of SSR was increased significantly compared with the control group. The increase in the amplitude of OSAS might be due to the dysfunction of the autonomic sympathetic system connected to overstimulation. While in the severe OSAS group, the SSR amplitude increased, this not observed in the mild OSAS group; therefore, it might be seen autonomic dysfunction by progression of disease. The absence of a statistically significant correlation between MOS and amplitudes of SSR suggested that OSAS causes autonomic dysfunction, except of hypoxia. The autonomic nervous system has critical importance in the stability of heart rate, blood pressure regulation, and cardiovascular system. Suppressed cardiac vagal activity caused ventricular arrhythmias and sudden death; therefore, the early diagnosis of subclinical autonomic dysfunction is important for planning treatment and determining risk analysis (14, 25, 26, 27) . Electrophysiological tests are non-invasive and easy to apply. The use of these tests can help in the early diagnosis of autonomic dysfunction in OSAS patients.
Limitations of this study are the asymptomatic patients included in the study and the scarce number of patients. It is possible to achieve more precious results with autonomic dysfunction symptoms in a large series of patients in further studies.
In conclusion, this study supports that increasing severity of OSAS could cause autonomic dysfunction. ENMG is a non-invasive test that can be applied easily to detect autonomic dysfunction. The routine use of this test for autonomic dysfunction is helpful for preventing sudden cardiac death in OSAS patients. 
